Materials and Preliminary Characterisation 1 2
: List of the organic surfactants used for the experiments including molecular weight (MW) and scattering length (SL). * indicates the custom-deuterated molecules provided by the Oxford Deuteration Facility.
The thermodynamic properties of the organic monolayers have been investigated by 3 measuring the pressure isotherm as a function of the surface area on a Langmuir trough. 1 The 4 in plane structure of the monolayer was monitored with Brewster angle microscopy (BAM) 5 imaging while compressing the film to record the isotherm. Those two techniques used in 6 combination allowed the characterization of the phase behavior of the single component 7 monolayer, revealing the phase transition regions and the optical properties, such as 8 anisotropy. OA and MO reach a plateau and they form lenses on top of the isotropic 9 monolayer, while POA does not reach a clear plateau and the monolayer remains isotropic all 10 over the compression. The surface pressure reached at the plateau is similar for OA and POA, 11 while MO reaches a much lower pressure. This suggests a lower chain ordering for MO due 12 to the poor hydrophilicity of the head group compared to the parent fatty acid, OA. SA shows 13 in plane structure already at 0 mNm −1 and further compression leads to solid-like structures. 14 Molecule Chemical formula MW / g mol Figure 1 . Surface pressure isotherm of hMO at 25 °C on a water subphase with the 2 corresponding BAM images of the monolayer recorded at two pressures: 3 mNm −1 : the layer 3 is isotropic; and 16.2 mNm −1 : the layer is collapsed. The white bar corresponds to 100 μm. BAM images recorded at two pressures: 0 mNm −1 : domains can be distinguished; and 45 8 mNm −1 : organised structures are formed. The white bar corresponds to 100 μm. 9 1 2. Gas Flow System 2 Fig. 5 shows a sketch of the gas flow system. For the production of NO 3 , the O 2 flow was 3 kept at 1.2 dm 3 min −1 and the flow rate of NO 2 ranged between 0.06 to 0.36 dm 3 cm −1 . The 4 mixing bulb has a volume of 5 dm 3 , and the inlet part is made of a glass cylinder with 21 5 small holes on the surface, which enhances mixing of the components. The residence time in 6 the mixing bulb ranges from 2 to 4 minutes, which is long enough to establish equilibrium 7 within the products. The concentration of NO 3 is tuned by changing the NO 2 flow rate and 8 hence its concentration. [NO 2 ] is always in large excess of [O 3 ] to ensure that all the ozone is 9 consumed before the gas flow reaches the organic film. 10 11 Figure 5 . Schematic of the gas flow system. The arrow represents the direction of the flow.
12
On the top left side the ozone is produced, then it mixes with NO 2 just before the inlet of the 13 mixing bulb. From the mixing bulb the mixture can directly go to an exhaust bubbler or pass 14 through the reaction chamber.
16
The tubing is made from Chemfluor ® (PTFE), with an outer diameter of 1/4 inch and an inner 17 diameter of 1/8 inch; this material has been chosen for its high chemical resistance. Reaction R3 is similar to the previous one, 4 but the calculation of k 0,3 and k ∞,3 is slightly 8 different, see Eqs 6 and 7. 9
The low-pressure limit for k 3 Once all the rate coefficients are obtained for the correct conditions (Table 2) , the differential 31 equations describing the reactions R1 -R3 (Eqs 8 -11) can be solved numerically in order to 32 obtain the concentrations as a function of time for the various chemical compounds. 33 The system of equations has been implemented in Matlab. 5 The Since the concentrations reach constant values quickly, the data are reported just for t ≤ 400 s. 5 NO 2 reaches the steady state concentration faster when the initial [NO 2 ] is higher. Ozone is 6 totally consumed in less than 250 s (see Fig. 7 ). The concentration of NO 3 produced ranges 7 from 36 ppt to 279 ppt, and it is lower when the excess of NO 2 is higher (see Fig. 9 ). The 8 steady state concentrations of N 2 O 5 are always approaching the same value (Fig. 8 ) that is 9 determined by the initial ozone concentration. 10
11
In the experimental gas-setup a 5 dm 3 mixing bulb was used to allow the reaching of steady-12 state concentrations of the gas species before they entered the reaction chamber. In the NR 13 measurements conducted at the Institut Laue-Langevin (Grenoble, France), the reaction 14 chamber was situated in a temperature-controlled sample area while the mixing bulb was 15 situated simply in the guide hall where the temperature was not well controlled. 16
An additional study of the gas system focused on the temperature dependence of the steady 17 state concentrations to establish the impact of warm weather during the NR measurements. 18
The rate constants (k 1 , k 2 and k 3 ) were estimated for several temperature values and used for 19 solving the differential Eqs 8-11. The purpose was to estimate specifically the time needed to 20 reach a new steady state concentration due to the change in temperature between the mixing 21 bulb in the guide hall and the reaction chamber in the sample area. For example, to calculate 22 the steady state concentrations at T = 30 °C the values calculated at T = 25 °C were used as 23 initial conditions for the differential equations and the solutions were computed. 
IR measurements 2
The measurements of the concentrations have been performed with an FTIR spectrometer 3 (IFS/66 S, Bruker). For the very low concentrations to be detected, the most sensitive detector 4 of the FTIR spectrometer was chosen which was a photoconductive detector (MCT D315). 5
The acquired spectrum was averaged over 100 scans and the resolution was fixed to 1 cm −1 . A 6 systematic study of the gas mixture composition as a function of [NO 2 ] was performed. [NO 2 ] 7 in the cylinder was 1000 ppm in air, to obtain various concentrations the flow rate of NO 2 was 8 varied from 45 cm 3 min −1 to 360 cm 3 min −1 and mixed with the carrier gas (oxygen) flowing 9 at 1.2 dm 3 min −1 (the resulting concentrations are reported in Table 3 ). 10 11 Two types of measurements were recorded. First, in order to calculate the absorption cross 30 section for NO 2 , the mixture of O 2 and NO 2 was measured without O 3 production for each 31 flow rate. Secondly, the spectra of the mixture produced by the reactions R1 -R3 were 32 measured in order to record the NO 2 loss and the N 2 O 5 production. For each NO 2 flow 33 condition, at least two independent experiments were performed, in order to account for errors 34 due to not ideal reproducibility of the experimental procedures, e.g. flow meter settings. The 35 gas sampling chamber was a glass cylinder with a path length of 18 cm, and two circular CaF 2 36 windows of a diameter of 2.5 cm. The chamber inlet was connected to the exit of the 5 dm 45  36  62  49  80  62  104  80  130  98  161  118  197  141  228  160  290  193  360 229 chamber for 10 minutes, then the chamber taps were closed and the chamber was 1 disconnected from the gas flow system. Immediately after, the chamber was placed in the 2 sample area of the spectrometer and the measurements were recorded. Once the NO 2 -O 2 3 mixture was measured, the glass chamber was connected again to the gas flow system and the 4 O 2 was exposed to UV light, after 10 min, the glass chamber filled with the mixture NO 2 -O 2 -5 N 2 O 5 was again put into the IR measurement area and the data were acquired. Background 6 measurements were recorded with the chamber filled with pure oxygen. 7
The spectral contribution of the atmospheric gases, H 2 O and CO 2 , was eliminated with the 8 atmospheric compensation routine of the FTIR instrument software. The treatment of the data 9 has been performed with the software provided with the instrument (OPUS 5.5, Bruker). In 10 order to obtain the absorbance due to the investigated gas species the absorbance spectrum 11 recorded for pure oxygen was subtracted from the spectra of the mixture, then a baseline 12 correction was performed fitting a polynomial function to the spectrum excluding the peaks. 13
Examples of absorbance spectra is reported in Fig. 11 Initially, we did not expect to measure HNO 3 , since the gas flow 20 system was considered to be in dry conditions. The spectra show clearly the presence of 21 predicted. Since the ozone production is fairly stable and reproducible, we suggest that this 11 reduced N 2 O 5 can be explained by the heterogeneous reaction of N 2 O 5 with water, which is 12 rapid compared to the gas-phase reaction 3 and we found clear spectroscopic evidence of the 13 presence of HNO 3 . 14 In order to calculate the NO 3 concentration, [NO 2 ] is needed. To the best of our knowledge, 15 the absorption cross section for NO 2 , ε NO2 , in the IR region is not available, hence we decided 16 to measure this coefficient using the mixture NO 2 -O 2 and then use ε NO2 to quantify the 17 concentration of NO 2 after reaction. The actual concentration was derived taking into account 18 the nominal concentration of the NO 2 cylinder (1000 ppm) and the NO 2 flow rate. 13. The concentration of NO 3 is shown in Fig. 16 as a 
Model description: gas species 12
In this section the description of the kinetic model is completed with all the details about the 13 processes involving the gas species: adsorption, desorption, transport and reaction. 14 From the kinetic theory, the flux of colliding X i molecules with the surface can be expressed 15
where [X i ] gs is the near-surface gas concentration that is assumed to be the same as the gas 18 phase concentration. As a result of the finite time required to fill the chamber, the gas-phase 19 concentration in the chamber is described as
, where f is the flow 20 rate, v is the volume of the chamber and [X i ] v is the oxidant concentration measured by IR 1 spectroscopy (see Section 3 for details). ω NO3 is the mean thermal velocity given by X i = 2
√8 ⁄
, where M Xi is the molar mass of X i , R is the gas constant and T is the absolute 3 temperature. The flux of gas molecules adsorbed on the organic layer is expressed by 4
where α s,Xi is the surface accommodation coefficient. In the Langmuir adsorption model, α s,Xi 7 is determined by the product of the surface accommodation coefficient on an adsorbate-free 8 surface, α s,0,Xi , and the sorption layer coverage θ s which is given by the sum of the surface 9 coverage of all competing adsorbate species (i.e. NO 3 and NO 2 ). 10
The surface coverage is defined as the ratio between the actual and the maximum surface 13 concentration value of the gas species, X i : 14
The adsorbed molecule can thermally desorb back to the gas phase. 16 Desorption can be described by a first-order rate coefficient, k d,Xi , which is assumed to be 17 independent of θ s,Xi . The flux of desorption of gas-phase molecules can be expressed as 18 
(19) 24
This change in desorption time is related to the change of orientation of the organic molecules 25 at the interface, i.e. for a highly packed monolayer the reactive site is assumed to be less 26 accessible, and the oxidant has less affinity for other parts of the molecules hence the 27 desorption is faster. When the organic surface coverage decreases the reactive sites become 28 more accessible and the desorption is slowed down. For NO 2 we considered a single 29 where λ Xi is the average travel distance from the near-surface bulk into 7 the sorption layer. To estimate k sb,Xi the rate coefficients for gas-surface and surface-bulk 8 transport can be matched with a literature value or estimate for the Henry's law coefficient or 9 gas-particle equilibrium partitioning coefficient (H Xi ): 
